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Abstract 
The rotary drilling rig rapidly popularized in the construction project because of its efficiency, quickness, environmental 
protection, good hole-forming quality and other advantages. But in drilling hard rock, there are some problems, such as low 
service life of key position, low construction efficiency and others,. In this paper, these existing problems for power head, drill
pipe etc. of working device of rotary drilling rig were analysed. The rotary drilling rig power head removable combined drive key 
design and rotating seal transition device design which is adapted to drill hard formation put forward the innovation. The rotary 
drilling rig power head and drill pipe were optimized design and improved. The productive test of rock pile hole drilling which
drilling depth is 80m and hole diameter is 2m at fourth tender section on Qingzhi highway, GuiZhou province, shows that the 
working device optimized and improved well meet the requirements of the pile hole drilling construction under hard formation 
conditions.
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Geological Engineering Drilling Technology. 
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1. Introduction 
The rotary drilling rig rapidly popularized in the construction project because of its efficiency, quickness, 
environmental protection ,good hole-forming quality and other advantages. A large number of rotary drilling rigs 
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had entered into the Yunnan, Guizhou, Sichuan and other southwest regional markets since 2011. The rotary drilling 
rig often encountered in lava strata in these regions, and the mechanical accidents often happened in construction. 
Especially the main working device (power head, drill pipe, drill bucket etc.) of rotary drilling rig cannot adapt to 
the operating requirements of hard formation condition, which are mainly reflected in the weak strength of key parts, 
low service life and so on. Therefore, the rotary drilling rig optimization design which is suitable for drilling in hard 
formation conditions is an important research subject with practical significance[1~2].
2. Analysis on Common Faults and Its Reason of Rotary Drilling Rig under Hard Formation Conditions 
In order to realize to high drill rock efficiently, the rotary drilling rig must possess large torque pressurized force 
of effective transmission and high hardness and abrasive resistance of drill tool cutting teeth. However, as a result of 
the limitation of two back factors, the construction efficiency of rotary drilling rig is extremely low under hard 
formation conditions. In addition, stratum faced with counter-acting force of equipment have high fluctuation and 
peak, which makes equipment and working devices and other structural parts have high fatigue damage, machinery 
failure rate and rig maintenance costs. It is embodied in the following respects: 
2.1. Drive Key Wear 
The torque of rotary drilling rig power head transmit to drill pipe mainly through power head drive keyˈand
transmit to drill tool through drill pipe for drilling. When rotary drilling rig works, the rotary drilling rig power head 
depends on two sides and bottom pressurized surface of the drive key vertical direction to drive drill pipe rotation of 
positive and negative directions and transmit pressurized force. The long-term driveǃknob and pressurization result 
to the drive key of rotary drilling rig power head and the pressurized key wear faster and the failure of pressurization 
and drive function, which affects usability of rotary drilling rig. Therefore, the drive keys wear is a common 
problem of rotary drilling rig.  
At present, in order to realize drive and pressurization of drill pipeˈthe drive keys of rotary drilling rig power 
head designed by the rotary drilling rig manufacturers at home and abroad are all adopted three drive keys; there are 
the welded and detachable in structure[3~4].
2.2. Oil Leak of Power Head Box 
The oil leak of power head box on-stream is the easiest way to the problems of rotary drilling rig power head, 
which is embodied in that the gear lubrication of box seep from one or a few points between the rotation axis and 
rotating sealing lip. The reasons for the oil leak are based on the following three points. 
1˅Rotating seal is installed correctly or not. 
2˅Machining accuracy could’t meet the installation requirements of rotating seal. 
3˅Scrap iron produced by the running-in of the slewing bearing and the pinion of the box destroy seal lip, which 
leads to seal failure. 
At present, the bottom of power head box is generally designed one or two rotating seals for sealing the gear oil 
of box. In order to insure that lubricating oil slick seal can be formed effectively, corrosion, scratches, and air holes 
appeared in the surface of rotating seal assembly must be avoided. In practical construction, the rotation axis 
receives the radial direction impact ,and the outside impurities such as mud, sand and water are easy to enter the box, 
which leads to rotation axis contacted with seal lip milled groove and oil seal failure. The higher value rotation axis 
can only be replaced for solving the malfunction. Because of the high cost, it is difficult for user to accept it. 
2.3. Shock Absorber Damage 
When the drilling depth of rotary drilling rig is longer than the first quarter length of drill pipe, drill pipe flange 
plate will fall on the shock absorber of power head, and at the moment, the weight of drill pipe almost all fall on 
shock absorber of power head. The drilling rig drilling down or lifting will pose the power head a impact, so as to 
damage the structure of power head. More seriously, when drill pipe is locked or brought up, the drill pipe brought 
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up will hit to the shock absorber of power head in free fall from a height. Once this situation happens, the power 
head will bear the strong impact. Therefore, the power head top must design a shock absorber avoiding impact for 
absorbing in the impact energy hitting to power head; otherwise, the power head is easy to be broken, or even drop 
into a hole. 
2.4. Slewing Bearing Cracking 
On-stream, the operation condition of the drill pipe is very bad, and the drill pipe works in mud for a long time. 
When the dinas are locked between two drill pipes, or keys happen to roll because of overlarge torque and bend 
happens because of overlarge pressurization, which all lead to drill pipe locked. When the second quarter drill pipe 
is locked and brought up by outside drill pipe, it is possible to interfere to slewing bearing. As the rotation of drill 
pipe, rotary bearing joint bolt was gradually worn until the slewing bearing is worn out. Moreover, the movement up 
and down of drill pipe resulting from compression of the damping spring of drill pipe bottom also pose the second 
quarter drill pipe and rotary bearing a interference. Once the slewing bearing is worn, it is necessary to shut down to 
maintain, and more importantly, it also brings potential safety hazard. 
2.5. Cracking of Drill Pipe Tube, Abrasion or Cracking of Key and Pressure Point 
When the drilling rig works in hard formation and the machinist feels that drilling efficiency is unsatisfactory, 
they often increase stress excessivelyˈwhich makes mast back. The first quarter outside drive key and pressure-
bearing point of drill pipe is thinner and haven’t enough bending strength and pressure-bearing abrasion resistance. 
After the internal key of power head and drill pipe pressure-bearing point wear, the pressure-bearing stress state of 
drill pipe will change. It is not a simple vertical stress, but it is a force that not only pushes downˈbut also presses 
pipe tube and produces elastic deformation. High frequency compression for the pipe tube for a long time is easy to 
produce the high-frequency fold of tube materialǃthe hardening cracking and the abrasion or cracking of the key 
and pressure point. 
3. Structure Improvement and Optimization Design of Rotary Drilling Rig 
According to summary and analysis of common problem of rotary drilling rig working device in hard formation 
above, this paper puts forward the following designing schemes. 
3.1.  Design of Removable Combined Drive Key 
As is shown in fig. 1, rotary drilling rig power head removable combined drive key was designed. The single 
transmission torque key and the transmission pressurization key are designed in removable combined drive key, and 
are all disassembled, which lead to easy process, fast replacement and low maintenance cost. 
Because of the design which has the single transmission torque key and transmission pressurization key, at 
present, these problem that the welded drive key of rotary drilling rig power head can’t be replaced and the existing 
detachable drive key need to be replaced overall due to the partial abrasion, are solved effectively. Meanwhile, three 
transmitting force toroid key are designed to become an entirety, which can transmit and disperse counter-acting 
force of drive key offered by pressurization platform of drill pipe, to avoid bolt loose bending of drive key caused by 
the single drive key bearing pressurized force, or even rupture failure. 
3.2. Design of Rotating Seal Transition Device 
In order to solve the problem of high maintenance costs and inconvenience caused by the break of rotation axis 
surface, a rotating seal transition device is designed. A partial enlarged view for rotating seal transition device is 
present in fig. 2, and this device has the following advantages: 
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1ˉbolt˗2ˉlock washer˗3ˉdrive sleeve˗4ˉscrew˗5ˉgasket˗6ˉrider ring˗7ˉscrew˗8ˉjacket˗9ˉtransmission torque key˗
10ˉtransmission stressing key˗11ˉscrew˗12ˉlock washer 
Fig. 1 Assembly Diagram of Removable Combined Drive Key 
1˅This device has a simple structure, easy process, fast replacement and low cost. Once the outside surface of 
this device was damaged in construction, rotating seal transition device rather than rotation axis need to be replaced, 
which can reduce cost and big trouble dismounting. 
2˅Oil filler and oil channel are designed in the rotating seal transition device, which can fill butter at regular 
intervals between double-deck seal interval .It not only prevents mud, dinas, water and other impurities into 
transmission case, but also plays a part in lubrication, which can effectively protect the outside surface of rotating 
sealing lip and rotating seal transition device. 
1ˉscrew˗2ˉgasket˗3ˉrotating seal transition device˗4ˉrotation axis˗5ˉO-ring˗6ˉgrease fitting˗7ˉrotating seal˗8ˉ
rotating seal soleplate 
Fig. 2 Partially Enlarged View of Rotating Seal Transition Device 
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3.3. Optimization Design of Shock Absorber 
Besides rubber and spring shock absorption, a first grade nitrogen shock absorption was increased on the power 
head, which can play a part in shock absorption. Nitrogen spring is a kind of the elastic function component that 
makes high pressure nitrogen seal in a certain vessel, and external force makes nitrogen compressed by plunger 
lever. When the external force is removed, it can get a certain pressure by the swell of high pressure nitrogen. As an 
individual component, it is installed in the third grade shock absorption of power head buffer device, and it is an 
elastic part of flexible function that can conveniently realize spring pressure constant and time-delay operation in 
system. 
3.4. Design of Slewing Bearing Protection Device 
A drill pipe slewing bearing protection device that entirely segregates the slewing bearing from the drill pipe is 
increased in the flange plate of drill pipe top, and its inner ring diameter is smaller than the inner ring diameter of 
slewing bearing. In practical work, after brought up or axial endplay, drill pipe will directly contact with protection 
device after heat treatment, which avoids that slewing bearing is worn out frequently and saves service cost. 
3.5. Optimization Design of Drill Pipe Key 
The drill pipe key includes internal key and external key, and the internal key and external key will roll rimǃ
abrasionǃ and even cracking under the construction, which will seriously affected the normal stretch of drill pipe. 
According to the analysis, optimization improvements are as follows: 
1˅In order to guarantee the entire contact between the key and the steel tube and reduce tensile stress after weld, 
the arc key is adopted. 
2˅In order to guarantee its high-wearing featureˈbesides increasing the thickness of internal key, the internal 
key suite adopts the whole processing molding and special heat treatment process. 
3˅The surface of machine lock rod pressure platform inlays wear-resistant alloy coating. 
4. Verification of Engineering Case 
According to the optimization and improvement of the main failure for working device of rotary drilling rig, 
Xuzhou Xugong Foundation Construction Machinery Co. Ltd. manufactured a prototype, and carried out the 
productive test in hard rock stratum. The Xugong XR280D type rotary drilling rig after the optimization and 
improvement successfully drilled the rock pile holes for the depth of 80m, hole diameter is 2m in 4 blocks, on 
Qingzhi highway, Guizhou province. Many problems, such as large boulder and float stone, karst cave, dolomitic 
sandstone and other complex formation, are successfully avoided. The depth record in the same domestic type is 
established, and the technology gap of large drill deep all rock layer construction is filled up. Fig. 3 is a construction 
site photo. 
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Fig. 3 Xugong XR280D Constructing at 4th tender section, on Qingzhi Highway 
5. Conclusions 
Through synthetically analyzing the reasons for mechanical problems of rotary drilling rig which have been 
happened during construction in hard formation, the critical parts of working device of rotary drilling rig are 
improved and optimized design, including design of removable combined drive key, design of rotating seal 
transition device, optimization design of shock absorber, design of slewing bearing protection device and 
optimization design of drill pipe key. The result of production test shows that the construction efficiency and service 
life of improved rotary drilling rig obviously increased. 
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